


National Stable Isotope Resource at Los Alamos

m Started in 1975

m Efficient separation of isotope as 13C had not lead to available
compounds for research

s  Synthesis of stable isotope-labeled compounds difficult:
e Starting materials are expensive
 There are a limited number of labeled precursors available

s Synthesis of compounds specifically labeled with 2H, 13C,15N, 17.18Q, and
7Se - could expand to other isotopes.

s Started with DOE and NIH Funding
= NCRR Resource from 1975-2005
m At present funded by users (CDC, DTRA, FBI)
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Isotope Staff

= Staff Members m Post Doctoral Researchers

o Clifford J. Unkefer, Biochemist/NMR  Ricardo Marti-Arbona
* Louis (Pete) A. Silks Ill, Organic Chemist « Ramesh Kale
« David B. Kimball, Organic Chemist

o Siegfried N. Lodwig, Organic Chemist & Technicians

* Ryszard Michalczyk, Biochemist/NMR « Marc A. Alvarez

e Jurgen Schmidt, Organic Chemist * Penelope A. Naranjo
e Pat J. Unkefer, Biochemist * Paulette M. Angel
 Robert F. Williams, Organic Chemist e Munehiro Teshima

e Ruilian Wu, Organic Chemist

» Los Alamos
NATIONAL LABORATORY UNCLASSIFIED Slide 3
EST.1943
Operated by Los Alamos National Security, LLC for NNSA N ¥ 'b )

A Y™ o

=

4



One Carbon Precursors From Carbon Monoxide

(E)
f Cu0
Ha, CH
CHOH <*——pg— CO — ™4
HI NaOH NH;, Pt, 1000°C
CH,I HCOONa KCN
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Two and Three Carbon Precursors

2 €0, ———» HC=CH ——— > HC=C—CO,H
CH;l + K(N —— CH,CN

CH;0H+CO — CH,CO,H — CH;CH,0H — CH;CH,l

™ cH,cocl
Y
Br-CH,CO,H » Br-CH,CO,Et — EtOOCCH,COOEt
|
H,N-CH,CO,H
CH,CH,OH + 30— CH,CH,*CO,H ([1-C]or [23-Cyl or [3C4])
CH;PCH)l + K(N ———»  CH,CH,CO,H (any Isotopomer)

HC=C—COH —= H,C=C—COOMe > H,C=C—CH,0H

(1-13C or [2,3-C,) or [PC5))
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Additional Synthons From Thioanisole
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Synthesis of Labeled Acrylic and Crotonic Acids

o 7
13 : H O
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1) sec Buli Br _
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Synthesis of Labeled Acrylic and Crotonic Acids

cis-crotonic Acid trans-crotonic Acid
Il cl?
13
HO-B3¢., /CHs HO-13¢. M
13c=lac 13c=13c
7/ “H / 13
H H CH,

_ N _ DU A SN
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Synthesis of 13C-labeled Oxamate

13
CH3
. N(CH N(CH
1) secBuLi % 1) (cocl), % / (CHs)e % / (GHs), % (CH;),
2)B3co 2(CHEN | S0 f EtOH/H,0 5%
L a'lz - ISCHz - ﬁ Cl —"‘ c 88% Yield
i 99+% yield a E10”
13¢methyl 96% yield yte 99+% yield O

[ Ph Ph Ph Ethyl N,N-dimethyl

phenyl sulfide [1,2-13C,Joxamate
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Additional Synthons From Thioanisole

Si(CH

"Source of 13
Li13CHXDySi(CH3)3" S/CH D
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Cl

/C\C| 13
Li/CHXDy
"1.Chloroform,
2. Triethylortho
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Symmetrical glycerol labeling

O: H 0 H
CH,0PO5* 13¢” N7
i =
—0 ISCHZOH HO— HO‘lsf
CH,OH 13¢—OH 3¢ OH
[ —_— = —» ——» |—Q0OH H
H O Gluconeogenesis CH,OH CH,OH
HO T n OH ¢ N
CH,OH -
[1-B3Clglycerol H TP, 0P05" > o
- cero _—
CH,0PO; HO HO-13¢
—OH —OH
—OH —OH
BCH,0H  13gp,0H
/)-7
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Chiral Labeled Glycerol

CH,OPO,"
O H
—0
13¢H,0H OH
-13
- - - HO ?
H Y O 13¢—0OH
N4 Gluconeogenesis
13¢H,0H 13¢ g
HOI],,”."- 2 OH
H — OH CH,OH
CHZOH CH,0PO;"
(25)-[1,2-13C,1glycerol
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Chiral Synthesis of Glycerol
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Characterization of Chiral Glycerol

13 13
CH,OH ATP ADP CH,OH
HO"'.ISC/ U >HO"“13C/
H" \ Glycerol Kinase H>
CH,OH CH20P03'2

(5)-[1.2-"C,16lycerol

L-[1,2-3C,]glycerolphosphate

CH,OH ATP ADP CH,OH
HOIM.13C/ u >HO""13C/
H” “\ Glycerol Kinase HY ™\
*CH,0H *cH,0P0;

(R)—[1,2-1362]6cherol
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NMR of Chiral Glycerol Phosphate

BCH,0H
HOIh. 13 /

n/ |

H*” \
CH,0PO;2

L-[1,2-13C,]glycerolphosphate
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Amino Acid Labeling

Glycerol Kinase HY

13 13 '
H,OH ATP ADP H,OH . .
H* LI
CD,0H co,0P0,% T * b o

(5)-[1,2-3¢; J6lycerol L-{1,2-13¢, Jglycerolphosphate

L-{1,2-13¢,, 3-°H, Jamina acids

L-[1,2-13¢;, 3-2H, Jamino acids

i:::f“‘ Glutamate
une Glutamine
Serine ..
. Arginine
Cysteine .
Aspartic acid Proline
Aspu \ Valine
sPamg_;me. Leucine
Threonine Isoleucine
Methionine
Lysine
Tryptophan
Tryssine
Phenylalanine
Histidine
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Synthesis is important

Conclusion:
Plans for production of isotope should include facilities for
chemical conversion of isotopes to useful labeled compounds

National Stable Isotope Resource - We Make Labeled Compounds

Clifford J. Unkefer
cju@lanl.gov

Have Gun - Will Travel - Need Funding
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